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ARTICLE INFO ABSTRACT

Keywords: Aims: To investigate the prevalence of metabolic dysfunction-associated fatty liver disease (MAFLD) in predia-
MAFLD betes, visceral obesity, and preserved kidney function, and explore whether MAFLD is associated with
Hyperfiltration hyperfiltration.

Prediabetes

Methods: We analyzed data from 6697 Spanish civil servants, aged 18-65 years, with fasting plasma glucose >
100 and < 125 mg/dL (prediabetes, ADA), waist circumference > 94 cm in men and > 80 cm in women (visceral
obesity, IDF) and de-indexed estimated glomerular filtration rate (eGFR) > 60 ml/min, collected during occu-
pational health visits. The association between MAFLD and hyperfiltration (eGFR > age- and sex-specific 95th
percentile) was tested by multivariable logistic regression analyses.

Results: Overall, 4213 patients (62.9%) had MAFLD, and 330 (4.9%) were hyperfiltering. MAFLD was more
frequent in hyperfiltering than in non-hyperfiltering subjects (86.4% vs 61.7%, P < 0.001). BMI, waist
circumference, systolic, diastolic, mean arterial pressure, and prevalence of hypertension were higher in
hyperfiltering than in non-hyperfiltering subjects (P < 0.05). MAFLD was independently associated with
hyperfiltration, even after adjusting for common confounders [OR (95% CI): 3.36 (2.33-4.84), P < 0.001]. In
stratified analyses MAFLD potentiated age-related eGFR decline vs. non-MAFLD (P < 0.001).

Conclusions: More than half of subjects with prediabetes, visceral obesity and eGFR > 60 ml/min presented
MAFLD that was associated with hyperfiltration and potentiated the age-related eGFR decline.

Visceral obesity

1. Introduction (HbA1C) between 5.7 and 6.4%, that often heralds progression to type 2
diabetes mellitus (T2DM) [1]. Its global prevalence varies between 27%

Prediabetes is a condition of impaired fasting glucose (IFG) and/or and 54% depending on the diagnostic criteria [2], and is increasing
impaired glucose tolerance (IGT) and/or glycosylated hemoglobin steadily in parallel with the increasing prevalence of obesity.
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Prediabetes is a highly heterogeneous and often asymptomatic meta-
bolic disorder, and like diabetes, it is associated with an excess risk of
cardiovascular disease (CVD), chronic kidney disease (CKD), fatty liver
disease, cancer, dementia, as well as all-cause mortality [3-5]. A recent
UK study showed that almost 50% of patients are already affected by
micro- or macrovascular complications at the time they progress to overt
T2DM [6]. Thus, prediabetes represents a time window of opportunity in
which modifiable risk factors, such as overweight or obesity, hyper-
caloric diet, and physical inactivity, can be targeted to prevent or
delay the development of T2DM and its chronic complications.

Liver fat accumulation, generally related to obesity and diabetes, is
the most common chronic liver disorder and affects about a quarter of
the world’s adult population [7]. For many years this condition had been
identified as “non-alcoholic fatty liver disease” (NAFLD). In 2020,
however, an international panel of experts carefully revised the
nomenclature and definition of NAFLD and achieved a consensus for the
more comprehensive term “metabolic dysfunction-associated fatty liver
disease” (MAFLD) [8]. More importantly, it was introduced a simple set
of “positive” diagnostic criteria reflecting the dysmetabolic nature of
MAFLD and the heterogeneity in its underlying causes, presentation,
course, and outcomes. Currently, MAFLD is rapidly emerging as a
stronger marker of CVD and CKD than NAFLD [9,10].

Glomerular hyperfiltration—that is an increase in the single-nephron
glomerular filtration rate (GFR)—is a functional and potentially
reversible hemodynamic change sustained, at least in part, by metabolic
abnormalities that are related to severe obesity, in particular visceral
obesity, and diabetes, and in most cases of CKD, by congenital or ac-
quired reduction in the number of healthy, functioning nephrons
[11-13]. When the number of functioning nephrons is normal or only
mildly reduced, single-nephron glomerular hyperfiltration may result in
an increase in total kidney GFR (absolute hyperfiltration). When the
number of residual functioning nephrons is significantly reduced, single
glomerular hyperfiltration may just result in an apparently “normal” or
even in a frankly reduced total kidney GFR (relative hyperfiltration)
[11]. Absolute hyperfiltration is a risk factor for the onset of nephrop-
athy (heralded in most cases by the appearance of abnormal albumin-
uria or overt proteinuria) [14], and it may predict all-cause mortality
even in healthy populations [15]. Absolute and relative hyperfiltration
both contribute to accelerated renal function loss in the average popu-
lation, in particular in obese patients with diabetes, or patients with CKD
[11,16,17]. Glomerular hyperfiltration is often associated with pre-
hypertension and hypertension [18-20] as well as other components of
the metabolic syndrome, even in apparently healthy young men [21].
Moreover, cumulating evidence demonstrates an association between
hyperfiltration and prediabetes [18,22]. Insulin resistance and hyper-
insulinemia are key elements of the aforementioned metabolic disorders
and play a central role in the development of glomerular hyperfiltration
[23]. Consistently, amelioration of glomerular hyperfiltration (associ-
ated with either absolute or relative hyperfiltration) paralleled an
improvement in insulin sensitivity in patients with T2DM, abdominal
obesity, and “normal” kidney function exposed to 6 months of a calorie-
restricted diet [24].

Intriguingly, MAFLD and glomerular hyperfiltration share common
metabolic and functional risk factors such as obesity, insulin resistance,
prediabetes, diabetes, dyslipidemia, hypertension, and CKD. This evi-
dence can be taken to suggest the possibility of an association between
MAFLD and hyperfiltration. Consistently, preliminary data indicate a
possible relationship between NAFLD and hyperfiltration in children
and adults with metabolic syndrome [25,26]. Furthermore, a very
recent longitudinal Korean cohort study showed that glomerular
hyperfiltration is associated with an increased risk of NAFLD and the
probability of liver fibrosis in the general population [27].

On the basis of this background, we sought to investigate the prev-
alence of MAFLD in a large sample of subjects at high metabolic risk (i.e.,
with prediabetes and visceral obesity) and “preserved kidney function”
(i.e., estimated GFR (eGFR) > 60 ml/min), and whether and to what
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extent MAFLD per se is associated with glomerular hyperfiltration in this
population.

2. Subjects, materials and methods
2.1. Study design, participants, and ethics

In this cross-sectional study, we analyzed data from a large database
of routine occupational health visits performed between January 2012
and December 2013 in the Spanish communities of the Balearic and
Canary Islands. The database included 234,995 civil servants employed
either in the public administration, health care, or postal service sectors.
The subjects’ relevant data, including demographic, clinical, and
biochemical variables, and smoking habit (current, former, never), were
gathered by well-trained medical examiners. All participants gave
written informed consent for use of their personal data for research
purposes in accordance with the Declaration of Helsinki. The study
protocol was approved (reference number 1887) by the Ethics Com-
mittee of Clinical Research of the Balearic Islands (Comite d’Etica de la
Investigacio de les Illes Balears (CEL-IB)).

We selected from the database 18- to 65-year-old subjects who had
FPG between 100 and 125 mg/dL—and were therefore considered as
having prediabetes according to the American Diabetes Association
(ADA) criteria [1]. Participants were also required to have visceral
obesity—defined, according to International Diabetes Federation (IDF)
criteria as waist circumference > 94 cm in men and > 80 c¢cm in women
[28]—and a de-indexed eGFR > 60 ml/min. Individuals with previously
diagnosed diabetes (Type 1 and 2), current treatment with antidiabetic
drugs or systemic steroids, active cancer, or a history of malignancy in
the previous 5 years were excluded, as well as pregnant women.

2.2. Measurements and calculations

Anthropometric measurements were taken by trained staff in
compliance with the International Standards for Anthropometric
Assessment (ISAK) recommendations [29] and by using the same brand
of equipment in all centers involved. Specifically, height was measured
to the nearest 0.5 cm using a scale-mounted telescopic stadiometer (Seca
220, Seca GmbH, Hamburg, Germany), with the participant’s head
maintained in the Frankfort plane; body weight was measured to the
nearest 0.1 kg using a mechanical column scale (Seca 700, Seca GmbH,
Hamburg, Germany); body mass index (BMI) was calculated by the
standard formula (weight in kg divided by squared height in m, kg/m?).
Waist circumference was measured in triplicate using a flexible steel
tape (Lufkin Executive Thinline W606, Apex Tool Group, Texas, Unites
States) at midway between the last rib and the top of the iliac crest, with
the participant standing upright with feet together and arms hanging
freely at the sides. The average of the three measurements was recorded
and used for statistical analysis.

Blood pressure was measured in triplicate, 1 min apart, after a 10-
minute resting period in a sitting position, using an automatic and
calibrated sphygmomanometer (OMRON M3, OMRON Healthcare
Europe, Spain). The average of the three measurements was recorded
and used for statistical analysis. Venous blood samples were collected
following a 12-h overnight fast and taken from the antecubital vein in
appropriate vacutainers. Samples were centrifuged to obtain serum (15
min, 1,000 g, 4 °C), which was stored at -20 °C and analyzed for FPG,
total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), and triglycerides, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transferase (GGT) and uric acid within 3 days in a central-
ized laboratory and by standard procedures, using an autoanalyzer
(SYNCHRON CX®9 PRO, Beckman Coulter, Brea, CA, USA).

The presence of hepatic steatosis was assessed by the validated Fatty
Liver Index (FLI) equation proposed by Bedogni G et al. [30]. Estimated
GFR was calculated using the 2009 Chronic Kidney Disease
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Epidemiology Collaboration (CKD-EPI) equation [31], and de-indexed
for body surface area (BSA) to avoid GFR underestimation in patients
with obesity by using the following formula: eGFR ml/min = (eGFR ml/
min/1.73 m? * BSA)/1.73 m? [32]. BSA was calculated by the DuBois
and DuBois equation [33].

2.3. Definitions

Overweight and obesity were defined according to the World Health
Organization (WHO) criteria which consider overweight as a BMI > 25
and < 30 kg/m? and obesity as a BMI > 30 kg/m2.

Hypertension was defined as a systolic blood pressure (SBP) > 130
mmHg and a diastolic blood pressure (DBP) > 85 mmHg or concomitant
antihypertensive treatment [9,34].

The presence of MAFLD was defined according to a recently pub-
lished international expert consensus statement [8] and based on the
concomitant presence of hepatic steatosis (hereby defined by a FLI score
> 60) [30] and of overweight/obesity.

For the purposes of the study, we defined hyperfiltration as a total
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2.4. Statistical analysis

The normality distribution of variables was tested using the
Kolmogorov-Smirnov test. Continuous variables were expressed as mean
+ standard deviation (SD), and categorical data as frequencies (per-
centage, %). Differences between the groups were assessed by inde-
pendent sample T-test for continuous variables or by Chi-Square for
categorical variables. The prevalence of MAFLD and mean eGFR were
further evaluated across incremental age categories of 8-10-year in-
tervals. Multivariable logistic regression analysis was used to calculate
the odds ratios (ORs) and corresponding 95% confidence intervals (CI)
of the risk factors associated with hyperfiltration. The model included all
variables which, at univariate logistic regression analyses, were associ-
ated with hyperfiltration at a significance level of P < 0.05 and adjusted
for age, sex, and smoking status. Finally, to test the possible interaction
effect between MAFLD and age on eGFR, a multiple linear regression
analysis was carried out including the interaction term.

All statistical tests were two-sided, and P values < 0.05 were
considered statistically significant. Statistical analysis was carried out
using the Statistical Package for the Social Sciences (SPSS) version 26.0

eGFR above the age- and sex-specific 95th percentile [18].

Table 1
Characteristics of the study population overall and according to the presence or absence of MAFLD and glomerular hyperfiltration.
Characteristics Overall Non-MAFLD MAFLD P Non-HF HF P **
n = 6697 n = 2484 n = 4213 n = 6367 n = 330
(37.1%) (62.9%) (95.1%) (4.9%)
Sex (males), n (%) 4804 (71.7) 1207 (48.6) 3597 (85.4) <0.001 4567 (71.7) 237 (71.8) 0.972
Age (years) 449 £ 9.4 43.7 £ 9.9 45.6 + 9.0 <0.001 45.0 £ 9.4 43.6 £ 9.5 0.010
Age categories, n (%) <0.001 0.998
18-25 years 200 (3.0) 108 (4.3) 92 (2.2)° 191 (3.0) 9(2.7)
26-35 years 877 (13.1) 408 (16.4) 469 (11.1)° 834 (13.1) 43 (13)
36-45 years 2328 (34.8) 878 (35.3) 1450 (34.4) 2212 (34.7) 116 (35.2)
46-55 years 2379 (35.5) 780 (31.4) 1599 (38.0)° 2261 (35.5) 118 (35.8)
56-65 years 913 (13.6) 310 (12.5) 603 (14.3)° 869 (13.6) 44 (13.3)
Smoking status, n (%) <0.001 0.807
Never 3262 (48.7) 1361 (54.8) 1901 (45.1)° 3107 (48.8) 155 (47.0)
Former 1562 (23.3) 468 (18.8) 1094 (26.0)° 1483 (23.3) 79 (23.9)
Current 1873 (28.0) 655 (26.4) 1218 (28.9)° 1777 (27.9) 96 (29.1)
BMI (kg/mz) 31.6 + 4.3 29.1 +£29 33.1 +£4.3 <0.001 31.3 £ 4.0 37.2+£6.5 <0.001
Overweight/Obesity, n (%) <0.001 <0.001
BMI > 25 < 30 kg/m2 2345 (35.0) 1546 (62.2) 799 (19.0)° 2300 (36.1) 45 (13.6)°
BMI > 30 kg/m2 4352 (65.0) 938 (37.8) 3414 (81.0)° 4067 (63.9) 285 (86.4)°
Waist circumference in men (cm) 98.5 + 5.0 96.4 + 2.9 99.3 £5.4 <0.001 98.2 + 4.8 104.5 +£ 6.7 <0.001
Waist circumference in women (cm) 85.9 + 4.4 84.6 + 4.0 88.4 + 4.2 0.352 85.7 + 4.4 89.7 + 4.5 <0.001
SBP (mmHg) 131.5+16.9 125.7 £ 15.2 1349+ 169 <0.001 131.3 £ 16.8 135.5+17.5 <0.001
DBP (mmHg) 80.7 £ 11.1 77.0 +£10.1 82.9 +£11.0 <0.001 80.6 + 11.1 83.6 £ 10.6 <0.001
MAP (mmHg) 97.6 £ 12.0 93.2 £10.7 100.3 £ 12.0 <0.001 97.5 £ 12.0 100.9 £+ 11.8 <0.001
Arterial hypertension, n (%) 4263 (63.7) 1218 (49.0) 3045 (72.3) <0.001 4026 (63.2) 237 (71.8) 0.002
FPG (mg/dL) 106.7 + 6.0 105.7 + 5.4 107.2 +£ 6.3 <0.001 106.6 + 6.0 107.1 + 6.6 0.179
Total Cholesterol (mg/dL) 204.9 + 36.9 196.5 + 34.7 209.9 + 37.2 <0.001 205.2 + 36.8 199.7 £+ 38.3 0.009
LDL-C (mg/dL)zi 129.5 + 52.0 123.9 + 33.3 133.0 £ 60.6 0.001 130.0 + 51.8 122.4 4+ 53.5 0.137
HDL-C (mg/dL)* 51.6 + 10.5 54.6 + 10.8 49.6 +£ 9.8 <0.001 51.4 +£10.5 53.1 £9.7 0.107
Triglycerides (mg/dL) 155.5 + 112.1 98.2 + 38.6 189.4 + 126.6 <0.001 155.8 + 112.7 150.9 + 99.3 0.440
Uric acid (mg/dL)° 5.6 +1.3 48 +1.1 6.0+ 1.3 <0.001 5.6 +1.3 56+1.4 0.903
ALT (IU/L)* 24.1 £11.5 19.8 +7.8 27.0 £ 12.6 <0.001 35.6 £ 22.3 35.6 £ 20.9 0.985
AST (TU/L)* 35.6 +22.2 25.5 +12.5 41.5 + 24.5 <0.001 23.9 +£10.9 26.1 £16.4 0.051
GGT (IU/L) 42.2 £ 54.7 22.5+125 53.8 £ 65.6 <0.001 42.2 £55.5 41.6 £+ 38.2 0.839
FLI 65.1 + 22.7 40.2 + 14.0 79.8 £ 10.9 <0.001 64.3 £ 22.6 79.9 £ 18.6 <0.001
MAFLD, n (%) 4213 (62.9) 3928 (61.7) 285 (86.4) <0.001
Serum creatinine (ml/dL) 0.9+0.2 0.8 +£0.2 0.9 +0.2 <0.001 0.9 +0.2 0.7 £ 0.1 <0.001
eGFR (ml/min) 115.1 +22.1 110.2 + 20.7 118.0 +£ 22.4 <0.001 113.1 +£ 204 153.3 £ 18.5 <0.001
Hyperfiltering, n (%) 330 (4.9) 45 (1.8) 285 (6.8) <0.001
Any antihypertensive therapy, n (%) 764 (11.4) 183 (7.49) 581 (13.8) <0.001 721 (11.3) 43 (13.0) 0.342
Any lipid-lowering therapy, n (%) 298 (4.4) 67 (2.7) 231 (5.5) <0.001 284 (4.5) 14 (4.2) 0.851

Data are mean + SD and number (%); *P-value for comparison between Non-MAFLD and MAFLD; **P-value for comparison between Non-HF and HF; °Significant
difference between paired categories. Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; Non-HF, Non-hyperfiltering; HF, hyperfiltering;
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; FPG, fasting plasma glucose; LDL-C, low density
lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl trans-
ferase; FLI, fatty liver index; eGFR, estimated glomerular filtration rate. SLDL-C available for n = 1610 (Non-MAFLD n = 621; MAFLD n = 989; non-HF n = 1499; HF n
= 111); "HDL-C available for n = 1610 (Non-MAFLD n = 621; MAFLD n = 989; non-HF n = 1499; HF n = 111); °Uric acid available for n = 4211 (Non-MAFLD n =
1360; MAFLD n = 2851; non-HF n = 4017; HF n = 194); *ALT available for n = 6692 (Non-MAFLD n = 2483; MAFLD n = 4209; non-HF n = 6362; HF n = 330); ¥YAST
available for n = 1404 (Non-MAFLD n = 571; MAFLD n = 833; non-HF n = 1293; HF n = 111).
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(IBM Company, New York, NY, USA).
3. Results

3.1. Demographic and clinical characteristics of the study population
considered as a whole

Participants’ characteristics are summarized in Table 1. Of the 6697
subjects with prediabetes, visceral obesity and eGFR > 60 ml/min
included in the sample, 71.7% were males, and 28% were current
smokers. Age averaged 44.9 + 9.4 years. The prevalence of MAFLD was
62.9%, and, as expected by definition, 330 subjects (4.9%) were
hyperfiltering. Mean BMI was 31.6 + 4.3 kg/m% 65% of participants
were obese, and 35% were overweight. Overall, 63.7% of subjects had
arterial hypertension, and 11.4% were taking antihypertensive therapy.
On average, blood pressure was relatively well controlled. Mean total
cholesterol and triglycerides levels were slightly higher, and 4.4% of
subjects were taking lipid-lowering medications. The mean uric acid
value was within the normal range, whereas liver enzymes, and specif-
ically mean AST and GGT values, showed a trend to exceed the upper
normal limit.

3.2. Demographic and clinical characteristics of participants according to
the presence or absence of MAFLD

Subjects with MAFLD were more frequently males and older
(Table 1). The prevalence of MAFLD increased across the 10-year age
categories up to 46-55 years. At this stage, the prevalence peaked at
38%. Subjects with MAFLD were more likely to be former and current
smokers, to have a higher BMI, and also had a higher frequency of
obesity, and a higher mean waist circumference (particularly in men)
than subjects without MAFLD. They also had higher levels of SBP, DBP,
mean arterial pressure (MAP), FPG, total cholesterol, LDL-C, tri-
glycerides, uric acid, liver enzymes, serum creatinine, lower HDL-C and
were more frequently taking antihypertensive and lipid-lowering agents
than subjects without MAFLD (P < 0.001 for all comparisons).

Subjects with MAFLD had a higher mean eGFR and higher preva-
lence of hyperfiltration than those without MAFLD. Mean eGFR declined
across age categories in both groups and at any age category was
significantly higher in subjects with MAFLD than in those without
(Fig. 1). Furthermore, the multiple linear regression model considering
MAFLD, age, and their interaction term, adjusted for sex (Table 2, Model
2), revealed that the effect of age on eGFR was modified by the presence
of MAFLD (P < 0.001). In stratified data analyses according to the
presence or absence of MAFLD, the effect of age on eGFR decline was
amplified by the presence of MAFLD (P < 0.001), (Table 2). In other

175
150

125

eGFR (mL/min)

MAFLD

**.1.22 (-1.29; -1.16); P<0.001
100
**%p<0.001

Non-MAFLD
*#.0.99 (-1.06; 0.92); P<0.001

18-25 26-35 36-45 46-55 56-65

Age categories (years)

Fig. 1. Distribution of estimated glomerular filtration rate (eGFR) in subjects
with and without MAFLD (MAFLD, Non-MAFLD) according to age categories,
*P < 0.001. **Stratified analyses according to the presence or absence of
MAFLD [f (95% CD]; ***Multiple linear regression analyses with the effect of
interaction term between MAFLD and age on eGFR (P < 0.001).
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Table 2

Multiple linear regressions with the effect of the interaction term between
MAFLD and age on eGFR and stratified analyses according to the presence or
absence of MAFLD.

Variables Model 1 Model 2
B (95% CI) P-value B (95% CI) P-value
MAFLD 6.85 (5.84; <0.001  17.14 (-21.54; <0.001
7.86) -12.74)
Age (y) -1.13 (-1.17; <0.001 -1.22 (-1.29; <0.001
1.08) -1.16)
Male vs female 8.43 (7.35; <0.001 8.68 (7.60; 9.76) <0.001
9.51)
Interaction MAFLD x -0.23 (-0.33; <0.001
Age (y) -0.14)
Stratified analyses
MAFLD Non-MAFLD
B (95% CI) P-value B (95% CI) P-value
Age (y) -1.22 (-1.29; <0.001  -0.99 (-1.06; <0.001
-1.16) -0.92)
Male vs female 7.90 (6.24; <0.001 9.36 (7.98; <0.001
9.55) 10.74)

Abbreviations: f, beta; CI, confidence interval; MAFLD, metabolic dysfunction-
associated fatty liver disease; y, years.

words, the eGFR difference between the two groups tended to decrease
for increasing age categories, independently of considered potential
confounders (Fig. 1).

3.3. Demographic and clinical characteristics of the study population
according to the presence or absence of hyperfiltration

Hyperfiltering subjects were younger than non-hyperfiltering; the
prevalence of male sex and smoking status was similar between the two
groups (Table 1). The BMI of hyperfiltering subjects was significantly
higher and they were more likely to present second- and third-class
obesity than non-hyperfiltering subjects. In hyperfiltering subjects, the
prevalence of obesity was higher whereas the prevalence of overweight
was lower compared to non-hyperfiltering subjects. The waist circum-
ference of hyperfiltering males and females was higher than that of their
non-hyperfiltering counterparts. The prevalence of MAFLD was higher
in hyperfiltering than in non-hyperfiltering individuals (86.4% vs.
61.7%, P < 0.001). Hyperfiltering participants had a higher SBP, DBP,
MAP, and a higher prevalence of arterial hypertension than non-
hyperfiltering participants. However, no difference between the
groups was observed in the use of antihypertensive therapy. FPG, lipid
profile and lipid-lowering therapy use, uric acid, and liver enzymes were
similar between the groups with the exception of total cholesterol, that
was higher in non-hyperfiltering than hyperfiltering subjects (P =
0.009) and AST that was higher in hyperfiltering than non-hyperfiltering
subjects with borderline significance (P = 0.051). Finally, eGFR was
significantly higher in subjects with MAFLD than those without MAFLD
when considered separately according to the presence or absence of
hyperfiltration (Fig. 2).

3.4. Predicting hyperfiltration

The multivariable logistic regression model, including all variables
that at univariate logistic regression analyses were associated with
hyperfiltration at a significance level of P < 0.05 and adjusted by age,
sex, obesity, MAP, and smoking status, showed that MAFLD was inde-
pendently associated with hyperfiltration, along with severity of obesity,
male sex, higher MAP, and younger age (Table 3). Receiving operator
characteristic (ROC) curve analysis confirmed the predictive power of
MAFLD (area under the curve (AUC) 0.623, 95% CI 0.60-0.65, P <
0.001).
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Fig. 2. Distribution of estimated glomerular filtration rate (eGFR) in Non-
Hyperfiltering and Hyperfiltering subjects according to the presence or
absence of MAFLD (MAFLD, Non-MAFLD).

Table 3

Univariate (crude) and multivariate (adjusted) logistic regression derived odds
ratios and 95% confidence intervals for hyperfiltration in prediabetes subjects
with visceral obesity and eGFR > 60 ml/min.

Variables Univariate Multivariable
OR (95% CI) P-value OR (95% CI) P-value

MAFLD 3.93 (2.86; <0.001  3.36 (2.33; <0.001
5.41) 4.84)

Obese vs overweight 3.58 (2.61; <0.001 2.15 (1.52; <0.001
4.93) 3.03)

Male vs female 0.97 (0.78; 0.972 1.67 (1.27; <0.001
1.28) 2.19)

MAP (mmHg) 1.02 (1.01; <0.001 1.02 (1.01; <0.001
1.03) 1.03)

Age (y) 0.99 (0.97; 0.010  0.97 (0.96; <0.001
1.00) 0.99)

Smoking status 1.06 (0.83; 0.641 1.05 (0.82; 0.676
1.35) 1.35)

Arterial hypertension 1.48 (1.16; 0.002
1.89)

FPG (mg/dL) 1.01 (0.99; 0.179
1.03)

Triglycerides (mg/dL) 1.00 (0.99; 0.440
1.00)

HDL-C (mg/dL) 1.02 (1.00; 0.107
1.03)

Uric acid (mg/dL) 0.99 (0.89; 0.903
1.11)

GGT (1IU/L) 1.00 (1.00; 0.839
1.00)

Any antihypertensive 1.17 (0.84; 0.342

therapy 1.63)
Any lipid lowering 0.95 (0.55; 0.851
therapy 1.64)

Abbreviations: eGFR, estimated glomerular filtration rate; OR, odds ratio; CI,
confidence interval; MAFLD, metabolic dysfunction-associated fatty liver dis-
ease; MAP, mean arterial pressure; FPG, fasting plasma glucose; HDL-C, high
density lipoprotein cholesterol; GGT, gamma-glutamyl transferase.

4. Discussion

In this large population-based study, we found that the prevalence of
MAFLD in prediabetes subjects with visceral obesity and an eGFR > 60
ml/min was 62.9%, and that MAFLD was independently associated with
glomerular hyperfiltration. Moreover, the age-related eGFR decline
could be amplified by presence of MAFLD.

Notably, the observed 63% prevalence of MAFLD in our study
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population at high metabolic risk exceeded by more than two folds the
prevalence (25%) observed in the general adult population [7]. This
finding is consistent with the high prevalence of NAFLD observed in
people with prediabetes (ranging from 45% in those with IFG, and 48%
in those with IGT, to 78% in those with both IFG and IGT) [5], and also
exceeded the average 50.7% prevalence of MAFLD reported in over-
weight/obese adults [35]. This prevalence is even consistent with the
prevalence (55-70%) of NAFLD in T2DM [36]. Our finding is not sur-
prising because MAFLD is the liver manifestation of the systemic
metabolic disorders related to visceral obesity and IFG that characterize
the study population [8].

The cut-off eGFR value to discriminate hyperfiltering from non-
hyperfiltering subjects is not univocally identified even because GFR
values may physiologically swing according to age and gender [15,37].
Thus, to minimize the confounding effect of the age-related physiolog-
ical decline of GFR and the GFR differences between sexes, we defined
hyperfiltration as an eGFR exceeding age- and sex-adjusted 95th
percentile. According to this definition, hyperfiltering study participants
were found to be younger than non-hyperfiltering participants—a
finding consistent with data in patients with overt T2DM [37]—whereas
sex distribution was similar in hyperfiltering and non-hyperfiltering
participants. Identifying hyperfiltering subjects is clinically relevant
since they appeared to be more frequently affected by second- and third-
class obesity as compared to non-hyperfiltering subjects. Notably, the
prevalence of obesity was higher in hyperfiltering than non-
hyperfiltering subjects whereas the prevalence of overweight was
higher in non-hyperfiltering subjects. The hyperfiltering males and fe-
males presented greater visceral obesity than their non-hyperfiltering
counterparts. The most impressive finding was that 86.4% of hyper-
filtering participants presented MAFLD as compared to 61.7% of non-
hyperfiltering subjects. This finding was consistent with evidence that
at multivariable logistic regression analysis, MAFLD was associated with
a three-fold excess prevalence of hyperfiltration independently of the
role of obesity, male sex, MAP, and younger age.

Glomerular hyperfiltration is most likely sustained by an imbalance
between pre-glomerular vasodilation and post-glomerular vasocon-
striction largely related to obesity and diabetes mellitus and possibly by
increased sodium reabsorption in the proximal tubule with reduced
sodium delivery to the macula densa, inhibition of the tubulo-
glomerular feedback and preglomerular vasorelaxation
[11-13,16,38,39]. Thus, the association between MAFLD and hyper-
filtration could be explained by common mechanisms such as hyper-
insulinemia and insulin resistance than can both be sustained by
activated inflammatory pathways that originate from the expanded,
inflamed, and dysfunctional insulin-resistant visceral adipose tissue.
This is a source of free fatty acids (FFAs), different adipokines (such as
adiponectin and leptin), cytokines (such as TNF, IL-1p and IL-6), and
hormone (Angiotensin II), all involved in the pathogenesis of insulin
resistance [38,40]. Thus, on one hand the liver is targeted by the
increased influx of FFAs and proinflammatory factors that contribute to
liver steatosis, inflammation and oxidative stress leading to liver insulin
resistance [41]; on the other hand, the liver produces proinflammatory
mediators and “hepatokines” which further increase systemic abnor-
malities, that in turn mediate the bidirectional interaction between liver
and systemic insulin resistance [42]. Thus, the interaction between
visceral obesity, insulin resistance and MAFLD is very complex, and it is
hard to dissect their specific causal relationships with hyperfiltration.

Consistent with evidence that younger and middle-aged females are
somehow protected from metabolic abnormalities [43], in our study we
found that male sex was associated with an increased risk of hyper-
filtration. This could be explained by the shifting of FFAs towards ketone
body production rather than very-low-density lipoprotein (VLDL), and
sex-specific browning of white adipose tissue, along with the possible
differences in nutritional and physical activity habits between the two
sexes [43]. This is in line with the well-known role of sex hormones on
energy metabolism, body composition, vascular function, and
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inflammatory responses but the exact mechanisms linking estrogens and
testosterone to hyperfiltration remain unclear.

Finding that hyperfiltering participants were more frequently hy-
pertensive and tended to have higher SBP and DBP than non-
hyperfiltering subjects is consistent with the concept that hypertension
may contribute to the pathogenesis of hyperfiltration from the earlier
stages of this hemodynamic dysfunction [19-21]. Moreover, in multi-
variate logistic regression analysis, MAP was independently associated
with hyperfiltration. Predominant pre-glomerular vasorelaxation could
facilitate the transmission of systemic blood pressure to the glomerular
microcirculation, thus enhancing glomerular hydraulic pressure and
eventually the GFR [16,38]. Moreover, this seemingly independent link
between hypertension and hyperfiltration might also involve patho-
physiological mechanisms linking hypertension to insulin resistance
that stimulates the sympathetic nervous system (SNS) and/or hyper-
insulinemia that increase sodium reabsorption along the nephron tu-
bules [38,44].

Finding that hyperfiltering were younger than non-hyperfiltering
subjects also highlights the role of vessel aging in glomerular hyper-
filtration. Younger arterioles are less affected by age-related vascular
stiffness and being more compliant might more readily react with
vasodilation and vasoconstriction to different functional, metabolic,
hormonal, and pro-inflammatory factors.

The decline of GFR over time is well-known [37]. It might be asso-
ciated with an increase in vascular stiffness with glomerular hypo-
perfusion, and age-related continuous nephron loss (it has been
predicted a mean loss of 3676 glomeruli per kidney per year from 18 to
70 years of age) [45]. Within the limit of the cross-sectional design of the
analyses, we found that the presence of MAFLD potentiated the age-
related eGFR decline, probably because of accelerated vessel aging
induced by the MAFLD-functional and metabolic disorders consistent
with data for diabetes-associated accelerated arterial aging [46].

This finding highlights the importance of including liver health
assessment in the conventional screening approach which currently is
predominantly focused on the cardio-metabolic axis. Assessing the
presence of MAFLD is practical and simple and this could help primary
care providers to timely identify patients that are not only at high risk
for cardiovascular disease but also at high risk of hepatic and renal
damage. As MAFLD is a reversible state these patients could benefit from
early lifestyle modification strategies such as appropriate calorie
restricted diets and physical activity programs. There are still no
approved therapies for MAFLD, but encouraging data are progressively
emerging for some glucose-lowering drugs such as thiazolidinediones,
glucagon-like peptide-1 receptor agonists (GLP-1 RA), sodium-glucose
co-transporter-2 (SGLT-2) inhibitors, antioxidants (such as vitamin E),
statins or other lipid-lowering agents, bile and non-bile acid farnesoid X
receptor (FXR) agonists, and very recently Tirzepatide, a novel dual
glucose-dependent insulinotropic polypeptide (GIP) and GLP-1 RA
[47,48]. Whether and to what extent reversing MAFLD could result in
amelioration of hyperfiltration and, conceivably, long-term neph-
roprotection, merits further investigation.

We recognize that the present study has some limitations. First, its
cross-sectional design does not allow establishing the temporality and
causality of the association between MAFLD and hyperfiltration. Sec-
ondly, the results might be influenced by the lack of gold standard
methods to diagnose liver steatosis such as liver biopsy and/or ultra-
sound imaging [8], and to directly measure the GFR by iohexol plasma
clearance [49]. These are common limitations in large sample studies
where it is impossible to apply relatively complex procedures to all
participants. However, for the needs of epidemiology studies, the diag-
nostic and prognostic performance of FLI and eGFR-EPI is recognized
[8,50].

The strengths of this study are the large sample size that could be
representative of the Spanish working population; moreover, instead of
NAFLD we applied the novel definition of MAFLD which helped us to
provide robust data on the association between this dysmetabolic
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disease and hyperfiltration. Furthermore, eGFR was de-indexed for BSA
avoiding underestimation of eGFR in patients with obesity [32].
Without general consensus about the definition of hyperfiltration, the
assurance of the presence of hyperfiltration was achieved by the selec-
tion of participants with an eGFR above the age- and sex-specific 95th
percentile.

In conclusion, more than half of subjects with prediabetes with
visceral obesity and eGFR > 60 ml/min presented MAFLD that was
strongly associated with glomerular hyperfiltration. Moreover, the
presence of MAFLD could potentiate the age-related eGFR decline.

Longitudinal studies are needed to investigate whether MAFLD is
associated with an accelerated decline of GFR in subjects with predia-
betes, visceral obesity and still preserved kidney function, and whether

long-term improvement of MAFLD can be associated with
nephroprotection.
Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

The authors would like to thank the field staff for collecting the data,
the participants of the study, and the Health Service System of Balearic
Islands for providing the data.

References

[1] American Diabetes Association. 2. Classification and Diagnosis of Diabetes:
Standards of Medical Care in Diabetes-2018. Diabetes Care 2018;41:513-27.
https://doi.org/10.2337/dc18-S002.

[2] Barry E, Roberts S, Oke J, et al. Efficacy and effectiveness of screen and treat
policies in prevention of type 2 diabetes: systematic review and meta-analysis of
screening tests and interventions. BMJ 2017;356:i6538. https://doi.org/10.1136/
bmj.i6538.

[3] Honigberg MC, Zekavat SM, Pirruccello JP, et al. Cardiovascular and Kidney
Outcomes Across the Glycemic Spectrum: Insights From the UK Biobank. J Am Coll
Cardiol 2021;78:453-64. https://doi.org/10.1016/j.jacc.2021.05.004.

[4] Schlesinger S, Neuenschwander M, Barbaresko J, et al. Prediabetes and risk of
mortality, diabetes-related complications and comorbidities: umbrella review of
meta-analyses of prospective studies. Diabetologia 2022;65:275-85. https://doi.
org/10.1007/s00125-021-05592-3.

[5] Stefan N, Fritsche A, Schick F, Haring H-U. Phenotypes of prediabetes and
stratification of cardiometabolic risk. Lancet Diabetes Endocrinol 2016;4:789-98.
https://doi.org/10.1016,/52213-8587(16)00082-6.

[6] Palladino R, Tabak AG, Khunti K, et al. Association between pre-diabetes and
microvascular and macrovascular disease in newly diagnosed type 2 diabetes. BMJ
Open Diab Res Care 2020;8:e001061.

[7] Younossi ZM, Koenig AB, Abdelatif D, et al. Global epidemiology of nonalcoholic
fatty liver disease-Meta-analytic assessment of prevalence, incidence, and
outcomes. Hepatology 2016;64:73-84. https://doi.org/10.1002/hep.28431.

[8] Eslam M, Newsome PN, Sarin SK, et al. A new definition for metabolic dysfunction-
associated fatty liver disease: An international expert consensus statement.

J Hepatol 2020;73:202-9. https://doi.org/10.1016/j.jhep.2020.03.039.

[9] Sun D-Q, Jin Y, Wang T-Y, et al. MAFLD and risk of CKD. Metabolism 2021;115:
154433. https://doi.org/10.1016/j.metabol.2020.154433.

[10] Lee H, Lee Y-H, Kim SU, Kim HC. Metabolic Dysfunction-Associated Fatty Liver
Disease and Incident Cardiovascular Disease Risk: A Nationwide Cohort Study. Clin
Gastroenterol Hepatol 2021;19:2138-2147.e10. https://doi.org/10.1016/].
cgh.2020.12.022.

[11] Cortinovis M, Perico N, Ruggenenti P, et al. Glomerular hyperfiltration. Nat Rev
Nephrol 2022;18:435-51. https://doi.org/10.1038/541581-022-00559-y.

[12] Chagnac A, Weinstein T, Korzets A, et al. Glomerular hemodynamics in severe
obesity. Am J Physiol Renal Physiol 2000;278. https://doi.org/10.1152/
ajprenal.2000.278.5.F817. F817-F822.

[13] Sasson AN, Cherney DZ. Renal hyperfiltration related to diabetes mellitus and
obesity in human disease. World J Diabetes 2012;3:1-6. https://doi.org/10.4239/
wjd.v3.il.1.


https://doi.org/10.2337/dc18-S002
https://doi.org/10.1136/bmj.i6538
https://doi.org/10.1136/bmj.i6538
https://doi.org/10.1016/j.jacc.2021.05.004
https://doi.org/10.1007/s00125-021-05592-3
https://doi.org/10.1007/s00125-021-05592-3
https://doi.org/10.1016/S2213-8587(16)00082-6
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0030
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0030
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0030
https://doi.org/10.1002/hep.28431
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1016/j.metabol.2020.154433
https://doi.org/10.1016/j.cgh.2020.12.022
https://doi.org/10.1016/j.cgh.2020.12.022
https://doi.org/10.1038/s41581-022-00559-y
https://doi.org/10.1152/ajprenal.2000.278.5.F817
https://doi.org/10.1152/ajprenal.2000.278.5.F817
https://doi.org/10.4239/wjd.v3.i1.1
https://doi.org/10.4239/wjd.v3.i1.1

A. Parvanova et al.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Mogensen CE, Christensen CK, Vittinghus E. The stages in diabetic renal disease.
With emphasis on the stage of incipient diabetic nephropathy. Diabetes 1983;32
Suppl 2:64-78.

Park M, Yoon E, Lim Y-H, et al. Renal hyperfiltration as a novel marker of all-cause
mortality. J Am Soc Nephrol 2015;26:1426-33. https://doi.org/10.1681/
ASN.2014010115.

Brenner BM, Lawler EV, Mackenzie HS. The hyperfiltration theory: a paradigm
shift in nephrology. Kidney Int 1996;49:1774-7. https://doi.org/10.1038/
ki.1996.265.

Ruggenenti P, Porrini EL, Gaspari F, et al. Glomerular Hyperfiltration and Renal
Disease Progression in Type 2 Diabetes. Diabetes Care 2012;35:2061-8. https://
doi.org/10.2337/dc11-2189.

Okada R, Yasuda Y, Tsushita K, et al. Glomerular hyperfiltration in prediabetes and
prehypertension. Nephrol Dial Transplant 2012;27:1821-5. https://doi.org/
10.1093/ndt/gfr651.

Schmieder RE, Messerli FH, Garavaglia G, Nunez B. Glomerular hyperfiltration
indicates early target organ damage in essential hypertension. JAMA 1990;264:
2775-80.

Semplicini A, Ceolotto G, Sartori M, et al. Regulation of glomerular filtration in
essential hypertension: role of abnormal Na+ transport and atrial natriuretic
peptide. J Nephrol 2002;15:489-96.

Tomaszewski M, Charchar FJ, Maric C, et al. Glomerular hyperfiltration: a new
marker of metabolic risk. Kidney Int 2007;71:816-21. https://doi.org/10.1038/sj.
ki.5002160.

Melsom T, Schei J, Stefansson VTN, et al. Prediabetes and Risk of Glomerular
Hyperfiltration and Albuminuria in the General Nondiabetic Population: A
Prospective Cohort Study. Am J Kidney Dis 2016;67:841-50. https://doi.org/
10.1053/j.ajkd.2015.10.025.

Adeva-Andany MM, Fernandez-Ferndndez C, Funcasta-Calderén R, et al (2022)
Insulin Resistance is Associated with Clinical Manifestations of Diabetic Kidney
Disease (Glomerular Hyperfiltration, Albuminuria, and Kidney Function Decline).
Curr Diabetes Rev 18:e171121197998. 10.2174/1573399818666211117122604.
Ruggenenti P, Abbate M, Ruggiero B, et al. Renal and Systemic Effects of Calorie
Restriction in Patients With Type 2 Diabetes With Abdominal Obesity: A
Randomized Controlled Trial. Diabetes 2017;66:75-86. https://doi.org/10.2337/
db16-0607.

Yodoshi T, Arce-Clachar AC, Sun Q, et al. Glomerular Hyperfiltration Is Associated
with Liver Disease Severity in Children with Nonalcoholic Fatty Liver Disease.

J Pediatr 2020;222:127-33. https://doi.org/10.1016/j.jpeds.2020.03.038.
Abbate M, Mascaré CM, Montemayor S, et al. Non-Alcoholic Fatty Liver Disease Is
Associated with Kidney Glomerular Hyperfiltration in Adults with Metabolic
Syndrome. J Clin Med 2021;10:1717. https://doi.org/10.3390/jcm10081717.
Koo D-J, Lee MY, Jung [, et al. Increased Risk of NAFLD in Adults with Glomerular
Hyperfiltration: An 8-Year Cohort Study Based on 147,162 Koreans. J Pers Med
2022;12:1142. https://doi.org/10.3390/jpm12071142.

International Diabetes Federation IDF worldwide definition of the metabolic
syndrome. Available at https://www.idf.org/e-library/consensus-statements/60-
idfconsensus-worldwide-definitionof-the-metabolic-syndrome.html(accessed Nov
18, 2021).

Stewart AD, Marfell-Jones M, Olds T, Hans De Ridder J (2011) International
Standards for Anthropometric Assessment, 3rd ed. International Society for the
Advancement of Kinanthropometry (ISAK), Lower Hutt, New Zealand.

Bedogni G, Bellentani S, Miglioli L, et al. The Fatty Liver Index: a simple and
accurate predictor of hepatic steatosis in the general population. BMC
Gastroenterol 2006;6:33. https://doi.org/10.1186/1471-230X-6-33.

Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular
filtration rate. Ann Intern Med 2009;150:604-12. https://doi.org/10.7326/0003-
4819-150-9-200905050-00006.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Diabetes Research and Clinical Practice 201 (2023) 110729

Redal-Baigorri B, Rasmussen K, Heaf JG. The use of absolute values improves
performance of estimation formulae: a retrospective cross sectional study. BMC
Nephrol 2013;14:271. https://doi.org/10.1186,/1471-2369-14-271.

Du Bois D, Du Bois EF (1989) A formula to estimate the approximate surface area if
height and weight be known. 1916. Nutrition 5:303-311; discussion 312-313.
Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection,
Evaluation, and Management of High Blood Pressure in Adults: A Report of the
American College of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines. J Am Coll Cardiol 2018;71:e127-248. https://doi.org/
10.1016/j.jacc.2017.11.006.

Liu J, Ayada I, Zhang X, et al. Estimating Global Prevalence of Metabolic
Dysfunction-Associated Fatty Liver Disease in Overweight or Obese Adults. Clin
Gastroenterol Hepatol 2022;20. https://doi.org/10.1016/j.cgh.2021.02.030.
e573-e582.

Stefan N, Cusi K. A global view of the interplay between non-alcoholic fatty liver
disease and diabetes. Lancet Diabetes Endocrinol 2022;10:284-96. https://doi.
org/10.1016/52213-8587(22)00003-1.

Premaratne E, Macisaac RJ, Tsalamandris C, et al. Renal hyperfiltration in type 2
diabetes: effect of age-related decline in glomerular filtration rate. Diabetologia
2005;48:2486-93. https://doi.org/10.1007/s00125-005-0002-9.

D’Agati VD, Chagnac A, de Vries APJ, et al. Obesity-related glomerulopathy:
clinical and pathologic characteristics and pathogenesis. Nat Rev Nephrol 2016;12:
453-71. https://doi.org/10.1038/nrneph.2016.75.

Strazzullo P, Barba G, Cappuccio FP, et al. Altered renal sodium handling in men
with abdominal adiposity: a link to hypertension. J Hypertens 2001;19:2157-64.
https://doi.org/10.1097,/00004872-200112000-00007.

Olefsky JM, Glass CK. Macrophages, inflammation, and insulin resistance. Annu
Rev Physiol 2010;72:219-46. https://doi.org/10.1146/annurev-physiol-021909-
135846.

Watt MJ, Miotto PM, De Nardo W, Montgomery MK. The Liver as an Endocrine
Organ-Linking NAFLD and Insulin Resistance. Endocr Rev 2019;40:1367-93.
https://doi.org/10.1210/er.2019-00034.

Lim S, Taskinen M-R, Borén J. Crosstalk between nonalcoholic fatty liver disease
and cardiometabolic syndrome. Obes Rev 2019;20:599-611. https://doi.org/
10.1111/0br.12820.

Lonardo A, Nascimbeni F, Ballestri S, et al. Sex Differences in Nonalcoholic Fatty
Liver Disease: State of the Art and Identification of Research Gaps. Hepatology
2019;70:1457-69. https://doi.org/10.1002/hep.30626.

Jia G, Sowers JR. Hypertension in Diabetes: An Update of Basic Mechanisms and
Clinical Disease. Hypertension 2021;78:1197-205. https://doi.org/10.1161/
HYPERTENSIONAHA.121.17981.

Luyckx VA, Bertram JF, Brenner BM, et al. Effect of fetal and child health on kidney
development and long-term risk of hypertension and kidney disease. Lancet 2013;
382:273-83. https://doi.org/10.1016/50140-6736(13)60311-6.

Lunder M, Jani¢ M, Sabovi¢ M. Treating Arterial Ageing in Patients with Diabetes:
From Mechanisms to Effective Drugs. Int J Mol Sci 2021;22:2796. https://doi.org/
10.3390/ijms22062796.

Mantovani A, Dalbeni A. Treatments for NAFLD: State of Art. Int J Mol Sci 2021;22:
2350. https://doi.org/10.3390/ijms22052350.

Gastaldelli A, Cusi K, Fernandez Lando L, et al. Effect of tirzepatide versus insulin
degludec on liver fat content and abdominal adipose tissue in people with type 2
diabetes (SURPASS-3 MRI): a substudy of the randomised, open-label, parallel-
group, phase 3 SURPASS-3 trial. Lancet Diabetes Endocrinol 2022;10:393-406.
https://doi.org/10.1016,/52213-8587(22)00070-5.

Gaspari F, Guerini E, Perico N, et al. Glomerular filtration rate determined from a
single plasma sample after intravenous iohexol injection: is it reliable? J Am Soc
Nephrol 1996;7:2689-93.

Braun MM, Khayat M. Kidney Disease: Chronic Kidney Disease. FP Essent 2021;
509:20-5.


http://refhub.elsevier.com/S0168-8227(23)00492-8/h0070
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0070
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0070
https://doi.org/10.1681/ASN.2014010115
https://doi.org/10.1681/ASN.2014010115
https://doi.org/10.1038/ki.1996.265
https://doi.org/10.1038/ki.1996.265
https://doi.org/10.2337/dc11-2189
https://doi.org/10.2337/dc11-2189
https://doi.org/10.1093/ndt/gfr651
https://doi.org/10.1093/ndt/gfr651
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0095
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0095
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0095
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0100
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0100
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0100
https://doi.org/10.1038/sj.ki.5002160
https://doi.org/10.1038/sj.ki.5002160
https://doi.org/10.1053/j.ajkd.2015.10.025
https://doi.org/10.1053/j.ajkd.2015.10.025
https://doi.org/10.2337/db16-0607
https://doi.org/10.2337/db16-0607
https://doi.org/10.1016/j.jpeds.2020.03.038
https://doi.org/10.3390/jcm10081717
https://doi.org/10.3390/jpm12071142
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1186/1471-2369-14-271
https://doi.org/10.1016/j.jacc.2017.11.006
https://doi.org/10.1016/j.jacc.2017.11.006
https://doi.org/10.1016/j.cgh.2021.02.030
https://doi.org/10.1016/S2213-8587(22)00003-1
https://doi.org/10.1016/S2213-8587(22)00003-1
https://doi.org/10.1007/s00125-005-0002-9
https://doi.org/10.1038/nrneph.2016.75
https://doi.org/10.1097/00004872-200112000-00007
https://doi.org/10.1146/annurev-physiol-021909-135846
https://doi.org/10.1146/annurev-physiol-021909-135846
https://doi.org/10.1210/er.2019-00034
https://doi.org/10.1111/obr.12820
https://doi.org/10.1111/obr.12820
https://doi.org/10.1002/hep.30626
https://doi.org/10.1161/HYPERTENSIONAHA.121.17981
https://doi.org/10.1161/HYPERTENSIONAHA.121.17981
https://doi.org/10.1016/S0140-6736(13)60311-6
https://doi.org/10.3390/ijms22062796
https://doi.org/10.3390/ijms22062796
https://doi.org/10.3390/ijms22052350
https://doi.org/10.1016/S2213-8587(22)00070-5
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0245
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0245
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0245
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0250
http://refhub.elsevier.com/S0168-8227(23)00492-8/h0250

	MAFLD and glomerular hyperfiltration in subjects with prediabetes, visceral obesity and “preserved” kidney function: A cros ...
	1 Introduction
	2 Subjects, materials and methods
	2.1 Study design, participants, and ethics
	2.2 Measurements and calculations
	2.3 Definitions
	2.4 Statistical analysis

	3 Results
	3.1 Demographic and clinical characteristics of the study population considered as a whole
	3.2 Demographic and clinical characteristics of participants according to the presence or absence of MAFLD
	3.3 Demographic and clinical characteristics of the study population according to the presence or absence of hyperfiltration
	3.4 Predicting hyperfiltration

	4 Discussion
	Funding
	Declaration of Competing Interest
	Acknowledgments
	References


